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

ܵ஀ ൌ ܴఏܵ 

&RQVHTXHQWO\WKHVWHHUHG%5,()RSHUDWRUFDQEHZULWWHQDV>@>@

݃௡ሺ݌ǡ ȣሻ ؔ  ௡݂ሺܲሻȁሺݔ௜ݕ௜ሻ א  ܵ஀         

:H GLVFUHWL]H WKH DQJOH WR LQFUHPHQWV RIଶగ
ଷ଴
 GHJUHHV DQG FRQVWUXFW D ORRNXS WDEOH RI SUHFRPSXWHG %5,()
SDWWHUQV$VORQJDVWKHNH\SRLQWRULHQWDWLRQȣLVFRQVLVWHQWDFURVVYLHZVWKHFRUUHFWVHWRISRLQWVܵ஀ZLOOEHXVHGWR
FRPSXWHLWVGHVFULSWRU

)XUWKHUPRUHE\XWLOL]LQJ WKH DSSURDFKRXWOLQHGE\5XEOHH HW DO >@ IRUDQDO\VLQJ WKHYDULDQFHDQGFRUUHODWLRQRI
RULHQWHG %5,() IHDWXUHV DQG RSWLQJ WKH OHDUQLQJ PHWKRG IRU GHFRUUHODWLRQ WKH %5,() IHDWXUHV XQGHU URWDWLRQDO
LQYDULDQFH WR UHQGHU U%5,()ZHREWDLQ UREXVWSHUIRUPDQFH LQQHDUHVW QHLJKERXUDSSOLFDWLRQV FRUURERUDWHGE\
)/$11>@
3&$3ULQFLSDO&RPSRQHQW$QDO\VLV
3ULQFLSDOFRPSRQHQWDQDO\VLVLVDVWDWLVWLFDOSURFHGXUHDSSOLHGWRUHGXFHWKHGLPHQVLRQVRIWKHGDWD3&$RSHUDWHV
E\WUDQVIRUPLQJDJLYHQVHWRILQSXWGDWDRIKLJKHUGLPHQVLRQVLQWRORZHUGLPHQVLRQDOGDWD+HUHWKHLQSXWWRWKH
3&$LVWKH25%GHVFULSWRUVRIERWKWKHTXHU\IDFHDQGWKHGDWDEDVH7KHHLJHQYHFWRUVRIWKHFRUUHODWLRQPDWUL[DUH
IRXQGDQGRQO\WKRVHZLWKWKHVLJQLILFDQWO\KLJKHU(LJHQYDOXHVDUHFRQVLGHUHG,WLVGHVFULEHGDVDWUDQVIRUPDWLRQRI
D JLYHQ VHW RI 1 LQSXW YHFWRUV ZLWK WKH VDPH OHQJWK .   IRU 25% GHVFULSWRU LQ WKH 1GLPHQVLRQDO YHFWRU
[ ሾݔଵǡ ݔଶǡ Ǥ Ǥ Ǥ Ǥ Ǥ ǡ ݔேሿ்LQWRDYHFWRU\JLYHQE\>@

ݕ ൌ ܣሺݔ െ ݉௫ሻ           

(DFK URZ RI [ FRQVLVWV RI . YDOXHV EHORQJLQJ WR RQH LQSXW 7KH YHFWRU݉௫LQ (T  LV WKH PHDQ YHFWRU DQG LV
PDWKHPDWLFDOO\JLYHQDV>@

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
݉௫ ൌ ܧሼݔሽ ൌ
ଵ
௄
σ ݔ௞௄௞ୀଵ        

0DWUL[$LQ(TLVGHWHUPLQHGIURPWKHFRYDULDQFHPDWUL[ܥ௫5RZVLQWKH$PDWUL[FRQVLVWRIHLJHQYHFWRUVRIܥ௫
RUGHUHG DFFRUGLQJ WR FRUUHVSRQGLQJ (LJHQ YDOXHV LQ GHVFHQGLQJ RUGHU 7KHܥ௫PDWUL[ LV REWDLQHG E\ WKH UHODWLRQ
JLYHQE\>@

ܥ௫ ൌ ܧሼሺݔ െ ݉௫ሻሺݔ െ ݉௫ሻ்ሽ ൌ
ଵ
௄
σ ݔ௞ݔ௞் െ ݉௫݉௫்௄௞ୀଵ      

7KHVL]HRIWKHFRYDULDQFHPDWUL[LV1[1VLQFH[LV1GLPHQVLRQDO7KHFRYDULDQFHEHWZHHQLQSXWYHFWRUVݔ௜ݔ௝LV
JLYHQE\>@

ܥ௫ሺ݅ǡ ݆ሻ ൌ ܧሼሺݔ௜ െ ݉௜ሻሺݔ௝ െ ௝݉ሻሽ    

,QDGGLWLRQ IRU3&$WRZRUNH[DFWO\RQHVKRXOGXVHVWDQGDUGL]HGGDWDVRWKDW WKHPHDQLV]HURDQGWKHXQELDVHG
HVWLPDWHRIYDULDQFHLVXQLW\>@3&$DVVXPHVWKDWWKHGDWDIROORZVD*DXVVLDQGLVWULEXWLRQ$OWKRXJK3&$VHHPV
WREH HIIHFWLYH LQ LWV DSSOLFDWLRQV LQ)5 V\VWHPV >@ LW LVFRQVWUDLQHGZLWK WKH FXUVHRI GLPHQVLRQDOLW\ >@7KH
QXPEHURIFRPSRQHQWVWRUHWDLQFDQEHGHWHUPLQHGE\WKHUHODWLRQ>@

σ ௏೔
ಿ
೔సభ
σ ௏ೖ಼ೖసభ
ൌ ߙݓ݄݁ݎ݁Ͳ ൏ ߙ ൏ൌ ͳ 

,QWKHHTXDWLRQDERYH9UHSUHVHQWVWKH(LJHQYDOXHV.UHSUHVHQWVWKHQXPEHURISULQFLSDOFRPSRQHQWVUHWDLQHGDQG
1 VWDQGV IRU WRWDO QXPEHU RI(LJHQ YDOXHV ,Q WKH H[SHULPHQWV WKDW ZH FDUULHG RXWߙ ൌ ͲǤͻͷJDYH JRRG DFFXUDF\
ZKLFKFDQEHZLWQHVVHGLQWKHQH[WVHFWLRQ
'HVFULSWRU0DWFKLQJ8VLQJ)/$11
)/$11VWDQGVIRU)DVW/LEUDU\IRU$SSUR[LPDWH1HDUHVW1HLJKERXUV>@$SOHWKRUDRIDOJRULWKPVLVRSWLPL]HGIRU
IDVWQHDUHVWQHLJKERXUVHDUFKIRUODUJHGDWDVHWVZLWKKLJKGLPHQVLRQDOIHDWXUHV$OVRLWZRUNVPRUHIDVWHUWKDQ%UXWH
)RUFH0DWFKHU7KHGHVFULSWRUVRITXHU\LPDJHܦ௤ሬሬሬሬԦDQGGHVFULSWRUVRIHYHU\GDWDEDVHLPDJHܦௗഢሬሬሬሬሬሬԦDUHSDVVHGWKURXJK
WKH )/$11PDWFKLQJ DOJRULWKP >@ WKDW JLYHV D YHFWRU RI JRRGPDWFKHVܩሺ௤ǡௗഢሻሬሬሬሬሬሬሬሬሬሬሬሬሬሬԦEHWZHHQ WKH NH\SRLQWV RI WKH
TXHU\ LPDJH DQG WKH NH\SRLQWV RI WKH LPDJHV LQ WKH GDWDEDVH $ SURSHU WKUHVKROG RQ WKH QXPEHU RI NH\SRLQWV
PDWFKHGVKRXOGEHVHWWRFRQFOXGHWKDWWZRLPDJHVEHORQJWRDVDPHIDFH 

([SHULPHQWDO$QDO\VLV
7KLV VHFWLRQ UHSRUWV WKHH[SHULPHQWDO UHVXOWVRI WKH WHVWFDVHVRI WKH WHFKQLTXHXVHG LQFRPSDULVRQRI6,)73&$
685)3&$25%DQG25%3&$7KHUHVXOWVZHUHREWDLQHGIRUFDVHVDQGWKHGDWDEDVHXVHGIRUWKHHYDOXDWLRQ
RIWKHPHWULFVLV/)3:>@$VVWDWHGHDUOLHUWKLVGDWDVHWKDVLPDJHVZLWKYDU\LQJLOOXPLQDWLRQVFRORXUVURWDWLRQV
WUDQVODWLRQVDQGTXDOLW\RI WKHIDFHUHJLRQRI LQWHUHVWDQGKHQFH LV WKHFDVHYHU\FORVHU WR WKHUHDO WLPHVFHQDULRV
(DFKLPDJHLVRIʹͷͲ ൈ ʹͷͲGLPHQVLRQ$VWKHVL]HRIWKHGDWDVHWLQFUHDVHVWKHH[HFXWLRQWLPHDOVRLQFUHDVHVVLQFH
WKHFRPSXWDWLRQVLQYROYHGLQFUHDVHV7KHDFFXUDF\RIWKHWHFKQLTXHWKRXJKQRWYHU\KLJKEXWLVPXFKJUHDWHUWKDQ
WKHRWKHU WHFKQLTXHV$OVR WKH WLPHFRQVXPHGE\ WKH WHFKQLTXH LVPXFK ORZHUZKHQFRPSDUHG WR6,)73&$DQG
685)3&$7KHLPSURYHPHQWLQWKHWLPHFRQVXPHGLVPLQLPDOEXWWKHDFFXUDF\LVJUHDWO\LPSURYHGLQ25%3&$
FRPSDUHGWR25%
 




619 A. Vinay et al. /  Procedia Computer Science  58 ( 2015 )  614 – 621 

7DEOH&RPSDULVRQUHVXOWVRI6,)73&$685)3&$25%DQG25%3&$

7HFKQLTXHV 6,)73&$ 685)3&$ 25% 25%3&$
$YHUDJHWLPHSHU
LPDJHLQVHF
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
$QLOOXVWUDWLRQRIWKHH[SHULPHQWDOUHVXOWRISURSRVHGWHFKQLTXHIRURQHRIWKHIDFHVHWRIDFHOHEULW\IURP/)3:
>@ LVJLYHQ LQ)LJ LQFRPSDULVRQZLWK WKHRWKHU WHFKQLTXHV7KLV WHFKQLTXHZDV LPSOHPHQWHGXVLQJ2SHQ&9
& 7KH GLIIHUHQW FRORXUV RI WKH NH\ SRLQWV DUH REWDLQHG E\ WKH 2SHQ &9 IXQFWLRQV DQG GR QRW KDYH DQ\
VLJQLILFDQFH ,W FDQ EH LQIHUUHG WKDW 25%3&$ KDV GRPLQDWLQJ FKDUDFWHULVWLF UHVXOWV DV FRPSDUHG WR WKH RWKHU
WHFKQLTXHVPHQWLRQHG7KHUHDVRQEHLQJWKDWWKH25%3&$KDVEHHQGLVWLQFWLYHO\DEOHWRPDWFKWKHNH\SRLQWVDIWHU
WKH'LPHQVLRQDOLW\5HGXFWLRQRIWKHGHVFULSWRUVDVWKHUHZRXOGEHUHPRYDORIWKHUHGXQGDQWGHVFULSWLRQDERXWWKH
LPDJHZKLFKVHUYHVYHU\OLWWOHLQWKHPDWFKLQJVWHS


)LJD6,)73&$WHFKQLTXH)LJE685)3&$WHFKQLTXH
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
)LJF25%WHFKQLTXH)LJG25%3&$WHFKQLTXH

&RQFOXVLRQDQG)XWXUH:RUN
7KLVWHFKQLTXHWKXVSURSRVHGFODLPVDQLQFUHPHQWDOVXFFHVVLQDFFXUDF\RIRYHUDQGPRUHRYHUWKHWHFKQLTXH
SURYHGWREHIDVWHUWKDQWKHRWKHUSUHYDOHQWWHFKQLTXHVWKDWDUHPHQWLRQHGLQWKHSDSHU,QWRGD\
VVFHQDULRPRVWRI
WKH)5V\VWHPVIDLOWRVDWLVI\ZKHQWKH\DUHZRUNLQJRQUHDOWLPHDSSOLFDWLRQV7KLVLVEHFDXVHWKHGHVLJQRIWKH)5
V\VWHP DQG LWV H[SHULPHQWDO DQDO\VLV DUH FDUULHG RXW RQ WKH GDWDVHWV WKDW VHOGRP YDU\ ZLWK UHVSHFW WR WKH
HQYLURQPHQWDOJHRPHWULFDO IDFWRUV OLNH LOOXPLQDWLRQ HIIHFW RFFOXVLRQ FRORXU YDULDWLRQV WUDQVODWLRQ HIIHFWV DQG
URWDWLRQDOHIIHFWV6RWRRYHUFRPHVXFKFKDOOHQJHVWKHWHFKQLTXHZDVDQDO\VHGRQWKHPRVWFRPSOLFDWHGGDWDEDVHVR
DVWRPDUNLWVVXFFHVVOHYHOLQWKHUHDOWLPHVFHQDULRV
,QWKHIXWXUH)5V\VWHPVFDQEHGHVLJQHGWRRYHUFRPHDOOWKHIDFWRUVPHQWLRQHGDERYHVRWKDWWKH\\LHOGKLJKHU
DFFXUDF\DQG OHVVHU WLPHFRQVXPLQJ )RU WKLV WRKDSSHQ WKH LPDJHVKDYH WREHQRUPDOL]HGZLWK UHVSHFWRDOO WKH
IDFWRUVPHQWLRQHGDERYH2WKHUYDULDQWVRI6,)7685)DQG25%FDQEHWULHGRQWKHVHQRUPDOLVHGLPDJHVVXFKWKDW
WKH\DUHDGDSWLYHWRWKHYDULDWLRQVLQWKHG\QDPLFLPDJHV

5()(5(1&(6

 0 0XGURYD $ 3URFKD]ND 3ULQFLSDO &RPSRQHQW $QDO\VLV LQ LPDJH SURFHVVLQJ ,Q 3URFHHGLQJV RI 0$7/$% 7HFKQLFDO
&RPSXWLQJ&RQIHUHQFH3UDJXH
 .XONDUQL$9 -6 -DJWDS DQG9.+DUSDOH 2EMHFW UHFRJQLWLRQZLWK25%DQG LWV ,PSOHPHQWDWLRQRQ)3*$ ,QWHUQDWLRQDO
-RXUQDORI$GYDQFHG&RPSXWHU5HVHDUFKQR
 'UHXZ 3KLOLSSH 3DVFDO 6WHLQJUXEH +DUDOG+DQVHOPDQQ +HUPDQQ 1H\ DQG * $DFKHQ 685))DFH )DFH 5HFRJQLWLRQ XQGHU
9LHZSRLQW&RQVLVWHQF\&RQVWUDLQWV,Q%09&SS
 )LVFKOHU0DUWLQ $ DQG 5REHUW & %ROOHV 5DQGRP VDPSOH FRQVHQVXV D SDUDGLJP IRU PRGHO ILWWLQJ ZLWK DSSOLFDWLRQV WR LPDJH
DQDO\VLVDQGDXWRPDWHGFDUWRJUDSK\&RPPXQLFDWLRQVRIWKH$&0QR
 '* /RZH 'LVWLQFWLYH LPDJH IHDWXUHV IURP VFDOHLQYDULDQW NH\SRLQWV ,QWHUQDWLRQDO -RXUQDO RI &RPSXWHU9LVLRQ ±

 0&DORQGHU9/HSHWLW&6WUHFKDDQG3)XD%5,()%LQDU\5REXVW,QGHSHQGHQW(OHPHQWDU\)HDWXUHV ,Q3URFRIWKH(XURS
&RQIRQ&RPSXWHU9LVLRQ(&&9
 (5RVWHQ DQG 7'UXPPRQG 0DFKLQH OHDUQLQJ IRU KLJK VSHHG FRUQHU GHWHFWLRQ ,Q (XURSHDQ&RQIHUHQFH RQ&RPSXWHU9LVLRQ
YROXPH
 00XMDDQG'*/RZH)DVWDSSUR[LPDWHQHDUHVWQHLJKERUVZLWKDXWRPDWLFDOJRULWKPLFFRQILJXUDWLRQ,Q3URF9,6$33
 *%KDWW=DQNKDQD+6KDK³)DFH)HDWXUH([WUDFWLRQ7HFKQLTXHV$6XUYH\´1DWLRQDO&RQIHUHQFHRQ5HFHQW7UHQGVLQ(QJLQHHULQJ
	7HFKQRORJ\0D\
 5DPDQDWKDQ1DUD\DQDQ5DPD&KHOODSSDDQG$.5R\&KRZGKXU\)DFLDOVLPLODULW\DFURVVDJHGLVJXLVHLOOXPLQDWLRQDQGSRVH
,Q,PDJH3URFHVVLQJ,&,3
,QWHUQDWLRQDO&RQIHUHQFHRQYROSS,(((
 %HVW5RZGHQ /DFH\ HW DO 8QFRQVWUDLQHG IDFH UHFRJQLWLRQ (VWDEOLVKLQJ EDVHOLQH KXPDQ SHUIRUPDQFH YLD
FURZGVRXUFLQJ%LRPHWULFV,-&%,(((,QWHUQDWLRQDO-RLQW&RQIHUHQFHRQ,(((
 -ROOLIIH,73ULQFLSDO&RPSRQHQW$QDO\VLV1HZ<RUN6SULQJHU9HUODJ
 3/5RVLQ0HDVXULQJFRUQHUSURSHUWLHV&RPSXWHU9LVLRQDQG,PDJH8QGHUVWDQGLQJ±
 0&DORQGHU9/HSHWLW&6WUHFKDDQG3)XD%ULHI%LQDU\UREXVWLQGHSHQGHQWHOHPHQWDU\IHDWXUHV,Q(XURSHDQ&RQIHUHQFHRQ
&RPSXWHU9LVLRQ
 +RPH³/DEHOHG)DFHV3DUWVLQWKH:LOG)DFH'DWDEDVHKWWSZZZNEYWFRP/)3:DFFHVVHG0DUFK
 -RQ6KOHQV$7XWRULDORQ3ULQFLSDO&RPSRQHQW$QDO\VLV3ULQFHWRQ9HUVLRQ
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